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Abstract

Technology-oriented Small and Medium-sized En-
terprises (SMEs) face the problem of shortage of
crucial resources, as functional components may
contain up to 40 elements. Therefore, the assessment
of alternative raw materials is of growing importance
for the discipline of strategic product design and
procurement processes as a topic of Information
Systems (IS) research. Aspects of sustainability con-
sider both ecological and economic objectives. Meth-
ods to assess companies’ sustainability regarding its
raw material consumption are an essential precondi-
tion for resource efficiency. This work at hand devel-
ops a conceptual decision and IS integration model
for the assessment of products based on their raw
material composition and implements this model as a
software prototype, following a design-science ap-
proach. Its application is demonstrated in a real case
scenario. The application’s results show the compre-
hensibility and transparency in evaluating products’
sustainability and enables companies to compare
different alternative products, from both an ecologi-
cal and economic point of view.

1. Introduction

Modern technology has dramatically increased
the number of materials essential for product design,
resulting in up to 40 chemical elements contained
within assembly groups [33]. Particularly, in energy
systems sector alone, by now 23 elements are used as
essential functional materials and are simultaneously
confronted with some constrains of supply [40]. For
these materials, the holistic concept of ‘criticality’
displays risks connected with supply risk, vulnerabil-
ity to supply restriction and ecological risks [27].
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Previous works in the field have identified different
sets of indicators for raw material criticality and
algorithms for a joint evaluation of the aspects of
criticality [1, 6, 16, 25], also considering specific
problems of functional materials [34].

For companies, consideration of the criticality of
the raw materials contained in its major products can
help limiting the risk of distinct economic and opera-
tional supply disruptions [4, 20]. SMEs similarly face
this problem, taking initiative searching for solutions
to adapt assessments in analogy to those previously
outlined by other corporations [5, 28]. This SMEs’
initiative exemplarily gets supported by the German
Federal Environment Foundation in research projects.

Integrating sustainability-driven component se-
lection models considering raw material criticality
can be achieved through Decision Support Systems
(DSS). For this, it is essential to connect inter- and
intra-organizational information sources like opera-
tive Business Information Systems, databases and
poly structured data (structured and unstructured
data), emanating from manifold different sources.
Our work aims to contribute a generic DSS concept
for the conceptual integration of different criticality
indicator data sources into an effective DSS for pro-
curement and product design divisions to allow deci-
sion making considering all three dimensions of sus-
tainability: economic, ecological and social aspects.
The concept design in this work includes economic
and ecological aspects, while the social dimension is
currently under interdisciplinary research. In this
context we focus on the following research questions:
How can SMEs apply Decision Support Sys-
tems to systematically assess raw material
risks?

How could such a Decision Support System
be designed?



This article is organized as follows: Starting on
the motivation (section 1), the second section pro-
vides an overview of existing DSS concerning enter-
prise resource management and raw material selec-
tion. The third section describes the research method
used for the conceptual integration model. Thereafter,
the article describes the building of the IT decision
model design (section 4), which gets demonstrated by
a real case scenario. The article is rounded up by a
discussion of the demonstration (section 5) and a
conclusion (section 6).

2. Background and related work

For the implementation of criticality-based deci-
sions, suitable decision support structures have to be
developed. Due to the lack of established semantic
and technical concepts in this context the previously
derived decision criteria cannot easily be included
into enterprise resource planning systems. Therefore
in this article the required concepts and data models
will systematically be developed from an existing
decision model design from own previous works.

2.1. Environmental Management Systems

The problem of information availability is typical
in research about environmental management infor-
mation systems (EMIS) [9], as an “organizational and
technical system for the systematical gathering, pro-
cessing and provision of environmentally relevant
information in a company” [26]. EMIS concepts are a
subdomain for DSS [9]. In science and practice there
are approaches for EMIS, for both a holistic and
inter-company reporting and for the preparation of an
environmental information management [32]. An
EMIS can be assigned to three different categories
[32]: Reporting and information systems are used for
external reporting, ECO-Controlling Systems are
used for internal company decision making process-
es, Production-related EMIS provide information for
the design of eco-efficient production processes.

Based on a literature study it was found that there
are no existing EMIS suitable for raw material selec-
tion processes in enterprises [3]. Design and imple-
mentation of a specific EMIS to identify and evaluate
raw materials in products and their components is
still missing [3].

2.2. State of the art of criticality assessments

Criticality assessments for raw materials can be
subject of scientific, economic or policy decision
support. The dimensions of existing criticality as-
sessments include the dimensions supply risk, impact
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of supply disruption and ecological risks. The studies
by U.S. National Research Council [25], the Europe-
an Commission [6] and the working group of Graedel
et al. [16] so far have provided the most influential
methodologies for raw material criticality assess-
ments. The research field of raw material risk as-
sessment, especially considering companies’ specific
situation is still a heterogeneous research field [1].
The studies include scientific journal articles and
project reports from both private- and state-run insti-
tute projects. Overall, state of the art in raw material
criticality assessment is a multidimensional indicator-
based assessment targeting for the holistic considera-
tion of risks connected with resource extraction,
processing, sustainable use and disposal.

The indicators of the ecological dimension of the
sustainable product selection implemented by the
hereby presented DSS have been taken from the Life
Cycle Impact Assessment (LCIA) method ‘ReCiPe’
[13]. The ReCiPe method is an impact assessment
recommended by the European Commission [7].
From its methodology, the two Areas of Protection
(AoPs) Human Health and Ecosystem Quality are
hereby used as ecological criticality measurements.

As was previously identified in an extensive liter-
ature review by Teuteberg and Stralenburg [32],
Environmental Management Information Systems
(EMIS) do not yet fully answer the question, what
reference models for risk evaluation in environmental
management could look like. Integrating criticality
analysis’ methodology into the DSS processes could
help filling this gap.

With the hereby proposed methodology of im-
plementing a criticality-driven decision design model
into DSS we tackle research questions both on the
procurement and supplier level, as brought up by
Watson et al. [37] for the contribution of IS to the
creation of an ecologically sustainable society. In-
cluding the selection of components and raw materi-
als based on their supply risk and environmental
impacts into DSS can help filling the necessity of
creating Information Systems that incorporate envi-
ronmental costs into prices and contribute to a more
sustainable society [38]. A functional integration of
sustainable decision criteria into an operation DSS
therefore could help overcoming the persistent under-
scoring of the potential of IS when it comes to pro-
moting enterprise sustainability, as identified by
Melleville [24].

3. Research Method

The developed research design structures the pro-
cess of gaining knowledge [21]. The design of the
artifact (artifacts are constructs, models, methods, or



instantiations) is based on the design science meth-
odology by Hevner et al. [19] as a recognized frame-
work for Information Systems Research. For the
selection of critical raw materials a DSS is designed
as an IT-artifact. Design Science is inherently a pre-
scription-driven and problem-solving paradigm
which aims at rigorous formation of relevant artifacts
to solve solutions for management problems [19]. In
this conceptual framework of design science it is
possible to represent the interplay between relevance,
rigor, and the design of an artifact in a systematic
manner. Therefore three closely related cycles (rigor
cycle, design cycle, relevance cycle) have to be ex-
plained [18].

In the first step in a rigor manner by a literature
review criteria for the evaluation of potentially criti-
cal products, components and their contained raw
materials are derived in own previous studies. Also in
this step the relevance of the indicators is secured by
two evaluation cycles (workshops) with thirteen
experts combined from different domains including
company references. By this, the whole management
problem is described and criteria identified from the
literature review are stabilized. For the article at
hand, AHP (Analytic Hierarchy Process) is used to
evaluate the semantic decision model and to realize a
manageable decision concept for companies [29].

In accordance to the design-cycle, the IT artifact
design is modeled in the second step. This conceptual
design, which builds on previous work in the concept
on EMIS, is also discussed with business experts.
This step structured the strategic information needs
analysis for further action in Information Systems.
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Figure 1. Research methodology for the
criticality DSS in regard to Hevner et al. [19]

Evaluation ] Real Case Scenario

In the third step the conceptual model was devel-
oped as a first concept prototype. The implementa-
tion is evaluated by a typical real case scenario in the
application domain (step 4). Fig. 1 shows the adapted
research methodology in regard to Hevner et al. [19].

Subsequently in regard to the preliminary concep-
tual considerations, this prototype was developed

incrementally in three steps, taking the requirements
analysis into account (Figure 2).

For the modeling of requirements, semantic modeling
tools are suitable. Different approaches in literature
for the conceptional modelling of multidimensional
information systems were discussed [11] Here Appli-
cation Design for Processing Technologies (ADAPT)
was used (action point 1). The logical data model is
typically derived as a star schema (action point 2).
For this purpose relational modeling methods are
suitable. In the next step, the logical data model is
translated into a database system language (action
step 3). The setup of the physical database performs
to accommodate the data. The model is implemented
using the Business Information System software
SpagoBI. For these innovative artifacts descriptive
methods of evaluation should be used, because other
forms of evaluation may not be feasible [19].

Specifications

Business Needs

Software System
- Physical Model
- Database Schema
- Software prototype

IS for of
Critical Raw Materials

Figure 2. Applied conceptional data
modeling procedure

Hevner et al. [19] further proposes to establish
seven Guidelines (G1 to G7) for design artifacts to
communicate the requirements, according to which
the assumed methodology is described (Table 1).

Table 1. Seven Guidelines for design
artifacts according to Hevner et al. [19]

Specification | Implementation in Bl Design

1 [ Artifact

System-Design, implementation and instantiation

2 | Relevance

Relevance of critical raw materials, procurement problems in
companies [4, 24]

3 [ Evaluation

2-Step evaluation in regard to [19]
(1) the implementation of the software prototype
(2) by means of expert interviews and demonstration

4 | Status quo

Assessment of the status quo in the literature section based on
own previous studies (see section 2)




5 | Rigor

The development takes place in accordance with the methodo-
logical requirements for literature reviews, the design of IT
artifacts and by means of software prototypes and interviews
with experts for evaluation

6 [ Design as a search process

Based on the requirements of science and practice, the report-
ing model was created in 3 iterations and perpetuated by 14
experts in procurement and management sciences.

7 | Dissemination

For scientists, a manageable framework for the assessment of
critical raw materials can be shown. Companies will be
demonstrated with a software prototype and in a real-case
scenario, the feasibility of possible critical raw material evalua-
tion From the technical point of view it has to be considered
three steps how EMIS services to evaluate critical raw materi-
als can be provided in the Decision Support System concept
open source based.

4. Building the IT decision model design

Architecture planning is a decisive part of a DSS
project. The planning allows statements about the
decision model requirements, the number of partici-
pating systems and their interaction. Data flows are
analyzed in regard to their technical and business
perspective. Big data, global availability and a great
amount of users [10] require this planning to be made
in a holistic way. This section provides an overall
view of the EMIS architecture to evaluate products
and contained critical raw materials in a systematic
manner with open source software.

Central modules of an Decision Support System
for the strategic support of procurement and engi-
neering functions may be built upon the basis of the
architecture of an ‘Environmental Management In-
formation System Design to Assess the Availability
of Critical Resources’ [3]. This may be built upon the
basis of the architecture of an EMIS 2.0, following
Teuteberg and Stralenburg [32]. After the identifica-
tion and the evaluation of raw materials it gets possi-
ble for enterprises to define various courses of action
regarding the procurement and development of prod-
ucts. Following this approach, it is necessary to de-
sign an EMIS that allows the evaluation of raw mate-
rials.

4.1 Building the decision model

All measurements used in the Decision Support
model of this article have been extracted from a
broad literature study rigor cycle including 19 criti-
cality studies. The indicators have been approved
later on by an expert questionnaire and workshop
rigor cycle including eight interdisciplinary experts.
To determine a quantifiable indicator-based Strategic
Design System considering a raw materials’ criticali-
ty, we formulated a strategic decision model, which
allows the measurement of raw material performance
in both an economic and ecological dimensions.

Table 2. Indicators and data sources for the criticality criteria

Criteria Indicator Indicator Description Measurement Data Source
Country Concentra- Concentration of the annual production at country 2
. tion level, measured by Herfindahl-Hirschman Index Z Prod.Sharecouny USGS [36]
Concentration - -
Risk Company Concen- Concentration of the annual production at corpo-
. rate level, measured by Herfindahl-Hirschman z Prod.ShareZ;moan IntierraRMG [22]
tration pany
Index
. Political instability of producing countries, meas-
}C’gllilgtc?l I;Zl;ﬂi " ured by Worldwide Governance Indicator ‘Politi- Prod.Shareoungy X WGI-PVgoy, \[ilscfl(si E:r}l’( 23]
Y cal Stability and Absence of Violence/Terrorism’
Coy i A0 e oG s 0 b o USGS0L
Political Risk  Policy Potential 1Ing projects ump > Y ) Country 25 Country praser Institute [39]
Policy Potential Index
Ability of the producing countries to actually
Country Risk implement trade restrictions, due to their level of USGS [36],
Regulation development, measured by the Human Develop- Z Prod.Sharecouny XHDlcountry UNDP [35]
ment Index
Static Reach Re- Static reach of a raw material’s reserves _Global Reserves_ Resem?s USGS [36]
serves Annual Production
Suppl}‘/ Reduc- Static Reach Re- Static reach of a raw material’s resources M USGS [36]
tion Risk sources Annual Production
. Recycling rate of a raw material, measured by . .
Recycling Rate current end-of-life recycling rate End-of-Life-Recycling-Rate ~ UNEP [15]
Companion Metal  Share of the amount funded as a byproduct of the  Annual Production as a By-.Product IntierraRMG [3, 22]
Fraction global production of a raw material Total Annual Production
Demand In- Future Demand Estimated demand increase due to future technol- ~ Demand 2030 from Fut. Techn.

Angerer et al. [2]

crease Risk Technology ogies Total Production 2006
Substitutability ~ Substitutability ofa raw material’s function by a Expert Estimation Graedel et al. [17]
different raw material
Human Health ReCiPe Impact of the ecological implications on Human  ReCiPe Endpoint Human Health Ecoinvent LCIA
Human Health Health LCIA Database [8]
Biodiversity ReCiPe ) Impgct of the ecological implications on Biodi- ReCiPe Endpoint Ecosystem Ecoinvent LCIA
Ecosystem Quality versity Quality LCIA Database [8]
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For the economic dimension we identified 27 in-
dicator candidates from a literature research. With
these possible indicators we conducted a survey in-
volving five interdisciplinary experts in this field of
research and asked them to rate each indicator’s rele-
vance using a six-point scale. We identified eleven
remaining indicators to be applicable for companies
to measure raw material performance within the eco-
nomic dimension. Thereafter, we set up a workshop
in an interdisciplinary group consisting of eight ex-
perts, including two in the field of Information Sys-
tems and two in the field of sustainability research to
categorize the remaining 11 indicators. Hereby, we
determined the four criteria: ‘Concentration Risk’,
‘Political Risk’, ‘Supply Reduction Risk’ and ‘De-
mand Increase Risk’. The first concept ‘Concentra-
tion Risk’ addresses the risk of a raw material’s pro-
duction being concentrated on single countries and
companies. The ‘Political Risk’ covers the risk of
supply shortages according to the political stability of
the mining countries, their ability to carry out new
mining projects and their possibility to enforce trade
restrictions. The third concept ‘Supply Reduction
Risk’ is expressed by the ratio of the annual produc-
tion both to the currently known reserves and re-
sources as well as its worldwide end-of-life recycling
rate. The indicators within the concept ‘Demand
Increase Risk’ consider the companion metal fraction
of a raw material, its increasing demand due to future
technologies and its substitutability. With set and
categorization of indicators, each resource’s econom-
ic sustainability can be derived from a well-
maintained data basis (see Table 2). Weighting of
indicators is handled by applying an Analytical Hier-
archy Process (AHP) [29].

The ecological dimension covers the concepts of
‘Human Health’ (six impact categories) and ‘Ecosys-
tem Quality’ (nine impact categories), which are well
established as Areas of Protection in the Life Cycle
Analysis (LCA) community. Corresponding opera-
tional values are derived by the recommended ReCi-
Pe Life Cycle Impact Assessment (LCIA) method.

The categorization for the economic and the eco-
logical dimensions as well as a short indicator de-
scription can be seen in Table 2. The table also
displays the calculation algorithm of each indicator as
well as the required data sources providing
information about the corresponding criticality
aspect. The sources encompass publicly available
reports, peer-reviewed research articles and
commercially available data bases.

Thus, we formulated a (strategic) decision model
to determine a raw materials’ criticality from both an
economic and ecological point of view, considering
four and two criteria respectively, and consisting of
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26 indicators altogether. The structure of the assess-
ment model can be seen in Figure 3. For practical
reasons, the implicit dependency of the higher-level
measures of criticality dimensions and criteria from
the indicator values will not be shown repititively in
the data model figures later on.

Level 1:

Goal Criticality

h 2 L 4

Level 2: Economic Ecological
Separation Dimension Dimension
| S e  Ees—
Level 3: - ) Supply Reduction Human Ecosystem
Criteria Rolltical Risk Risk Health Quality
Level 4: . . .
(IS Colfn‘try Risk N Static Reach Human Toxicity Agrlcultl{ral Land
(Measure) Political Stability Reserves Occupation
Country Risk Static Reach Climate Change, Climate Change,
Policy Potential Ressources Human Health Ecosystems.
Country Risk . . - Freshwater
I R y
Regulation Recycling Rate onising Radiation Ecotoxicity
¥ ¥ Freshwat
Ozone Depletion res Wa‘ er'
Eutrophication
e Rl Demand Increase
Concentration Risk Risk
Particulate Matter : -
N Marine Ecotoxicity
Formation
Country Companion Metal Photochemical Urban Land
Concentration Fraction Oxidant Formation  [Occupation

Company
Concentration

Future Technology
Demand

Terrestrial
Ecotoxicity

Terrestrial
Acidification

Substitutability

Natural Land
Transformation

Figure 3. Decision Model Design for
criticality-based selection processes

4.2 Conceptional Semantic data model

The basic sustainability dimensions, their hierar-
chy and measures are established for the evaluation
of products and inherent critical raw materials in the
previous section. The focus will now be on the con-
ventional foundation to build the critical raw material
decision support system. For this software concept
we propose the specification of a DSS that summa-
rizes all relevant information regarding the procure-
ment and development of innovative products. Cur-
rently such information is not available in operative
business information systems. Dedicated material
master data sights (views) and indicators for the
evaluation of products and raw materials are so far
not existent in such systems [3]. In operative business
information systems no information is available that
allows decision makers to conduct a holistic assess-
ment of materials criticality neither in the short-, nor
mid-, nor long-term.

Conceptual models are designed to express user
requirements of information systems in a formal and
self-explanatory manner from a business user’s point
of view [12]. In this domain of DSS, we design a data



model to translate user requirements and academic
requirements into multidimensional data structures.
Application Design for Analytical Processing
(ADAPT) is one of the appropriate notations to ex-
press the model on a conceptual level [12].

As displayed in Figure 4, detailed information
concerning the multidimensional data cube are con-
sidered. The main dimensions of the data cube are
Time, Vendor, Product, Raw Material and Measure.
As no criticality measurement is available more fre-
quently than on an annual basis, an annual outline
concerning the time dimension is sufficient for an
applicable criticality determination.

Vendor-wise, a detailed outline from global, na-
tional and regional down to vendor-specific evalua-
tion should be considered as a dimension in the mul-
tidimensional data cube. This allows for supply chain
specific information about the sustainability evalua-
tion.

The product-dimension includes outlines of the
final distributed product and its consisting compo-
nents. It can also include auxiliaries and supplies
required for the production process.

The raw material dimension includes information
about the chemical composition of each product,
indicating a causal link between the two dimensions
raw material and product. The chemical composition
of a product or its components can be assessed from
technical data sheets, life cycle and material data
bases, ERP-systems, expert panels, laboratory inves-
tigation or supply chain analysis [3].

Finally, the measurement dimension includes all
the criticality indicators and their respective meta-
categories, both in the economic and the ecological
dimension.

With this five-dimensional data model companies
can quantitatively evaluate the procurement and
product engineering dimensions of potentially critical
products in their inherent raw materials.
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4.3 Logical data model

The logical data model is the next step in the no-
tation of a so-called conceptual data model. The logi-
cal data model is oriented to the physical storage of
data. In the previous section, the functional specifica-
tion lists all the definitions of the reporting require-
ments in detail, so that we are able to design the rela-
tional star scheme after finishing the document. The
smallest unit to be analyzed is a product or a compo-
nent of a product. For each product and its compo-
nents the contained chemical ingredients may be
displayed. This chemical composition is essential for
the criticality determination.

Additionally, a characterization dimension is
modeled in accordance to the semantic data model to
analyze supplier hierarchies. For this application
domain the inherent analysis dimensions were de-
signed in such way that it is possible to re-use them
for the over-all set of measures in economic and
ecological areas. For implementation, the simplified
star-model displayed in Figure 5 has to be split in
accordance to the development of the technical sys-
tem.
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Flgure 4. Semantic data model of the DSS
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4.4 System implementation

In the third step the logical data model is trans-
ferred into the DSS against the reporting require-
ments. The prototype is based on several levels as
shown in the Figure 6. In our case, the prototype is
built in reference to the architecture of an EMIS 2.0
and can be described on a five-layer-architecture. In
particular, the external data sources and presentation
layer are identified as important components of the
prototype [18] in this case.

On the one hand ERP systems or other enterprise
systems can act as a data provider on the data source
level in this EMIS-aligned concept. These systems
provide data for the analysis of the procurement and
product engineering task. On the other hand, external
data sources, including open source data, proprietary
databases and partially poly-structured data is used
(see section 4.1, Table 2) [26]. All identified data
sources use business intelligence-specific ETL pro-
cesses (Extract, Transform and Load processes) from
the MySQL database to load critical raw material
information into the data warehouse of the DSS. The
data storage, including the extraction and transfor-
mation processes, is developed by the open source
software SpagoBI (Version 4.1, Release Candidate)
[30]. The tool SpagoBI has been evaluated in several
studies and was able to convince consistently in the
studies carried out in the comparative analysis in
terms of its technical design and the offered function-
ality [14, 31].

At the beginning we load products from the ERP
system. In the second step, critical elements in report-
ing are displayed for a product in accordance with the
reporting model.

The prototypical system design, which is simpli-
fied for the purpose of this article, is shown in
Figure 6.
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Enterprise application = i = -
mtegration \ r'A
" J
eData provision level (OLAP-Server) s——
Analytical engine @
\ J
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.

Data acquisition level ~

SPAGO Bl Server
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SEIVICes

L. ‘\ w

rExIemal data / applications level ~

SCM E-Proc. Ext. Data
Enterprise 15 Enterprise 15 Sources
D> Value Chain PP

Operational Systems and external sources with structured
Qnd unstructured data J

Figure 6. Conceptional implementation
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4.5 Demonstration

The evaluation is performed on a real case scenar-
io to address all the relevant domain requirements in
companies’ decision making and is performed in an
open source system. Hereby, the used evaluation
system represents a fully developed enterprise deci-
sion model. The analyzed SME from the electronics
industry is confronted with the task to assemble cir-
cuit boards with capacitors. These circuit boards have
to be delivered sustainably, due to customer require-
ments. To achieve this, the available capacitors have
to be evaluated concerning their economic and eco-
logical sustainability. For this strategic task, an as-
sessment of the contained raw materials is necessary,
which cannot be accomplished with the existing en-
terprise resource planning systems. For this company,
the evaluation of the raw materials was carried out
according to the developed assessment process. The
technical concept is therefore implemented in the
SpagoBI system, offering the corporate structure and
the data basis to accomplish extensive analyses to
evaluate raw materials.

For the demonstration example, the raw material
tantalum in capacitors is evaluated representatively
for other elements.

At the beginning, different products are selected
and loaded from the source systems (see section 4.2).
These data were harmonized and consolidated for the
decision support task (see Figure 6).

For the analysis task, it is necessary in a first step
and in accordance to the semantic model to display
all products within the relevant segment. Figure 7

shows the corresponding report.

Prototype Company
Product Overview
Electronic Devices
Product Praduct Criticality
1] Name Model Number Segment Economic Ecological Group
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5 Capacitor
Capacitar

FLAL)
e
£

SMD Ceramic Capaciton
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SMD Coramic Capatiton
SMD Ceramic Capatiton
SMD Ceramec Capacitoe
MO Ceramic Capaciion

Lo8
L7
1,28

Capacitor SM Coramsc Capaciton

Figl;lre 7. Excerpt of the product report
within a segment

4,7

In the second step, the chemical composition of a
chosen product is displayed, which is the composi-
tion of a tantalum capacitor in our demonstrated case
(see Figure 8). This subdivision is essential for our
DSS and is implemented as presented in the ‘Raw
Material’ dimension within our ADAPT model.
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Flgure 8. Excerpt of the chemical
composition report

In the third step, a single element can be selected,
in this case tantalum. Detailed information about
single raw material’s criticality measures can be
accessed in the corresponding report. This specific
information can help the practitioner to identify indi-
vidual action alternatives, e.g. long-term supplier
contracts, physical storage, hedging, vertical integra-
tion or closed loop supply chain management
(see Figure 9) [3].

Criticality Data Sheet
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Tantalum
Ta

Chemical ID:
Raw Material:
Chemical Name:
Calculation

Top Level, Aggregated Criteria Values

Value
24,19

Value
0,285
Criteria Level, Aggregated Indicator Values

Economic Dimension Ecological Dimension

Concentration Risk 0,116 Human Health 15,2
Political Risk 0,055 Ecosystem Quality 8,98
Supply Reduction Risk 0,052
Demand Increase Risk 0,063
Indicator Level, Measured Data
Country Concentration 1564 Climate Change 721
Company Concentration 5761 Human Toxicity 2,14
Country Risk Political Stability -0,74 ionising Radiation 0,03
Country Risk Policy Potential a4 Ozone Depletion 0
Country Risk Regulation 0,5 Particulate Matter Formation 5,83
Static Reach Reserves 149 Photochemical Oxidant Formation 0
Static Reach Resources abund. Agricultural Land Occupation 0,39
Recycling Rate <1% Climate Change 4,72
Companion Metal Fraction 15% Freshwater Ecotoxicity 0
Future Technology Demand 101% Freshwater Eutrophication 0,02
Substitutability 41 Marine Ecotoxicity o

Natural Land Transformation 1,02
0,02
0,01

2,81

Terrestrial Acidification
Terrestrial Ecotoxicity
Urban Land Occupation

Figure 9. Excerpt of element criticality

Additionally, the historic development of criticali-
ty indicators can be assessed for functional raw mate-
rials, as displayed in Figure 10 for tantalum and
manganese in the measurement of Static Reach Re-
serves. With this data analysis a company is able to
better interpret current criticality data and display
past changes.
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The evaluation of the DSS shows the feasibility of
sustainability assessment for products in SMEs. On
the one hand side, the real case scenario of tantalum
shows that in this case the techno-economic availabil-
ity concerning the static reach of reserves is less
problematic. On the other hand, it can be seen that
tantalum is considered critical due to the high com-
pany concentration and focus on instable mining
countries as well as the high ecological impacts from
climate change and particulate matter formation (see
Figure 9 and Figure 10).

5. Discussion

In this work at hand we prototypically presented
the first DSS enabling companies to evaluate the
sustainability of their products and supply chain by
considering the criticality of the raw materials at use.
Consequently, our DSS in principle enables a com-
pany to increase its level of sustainability regarding
its economic as well as ecological performance.
Thereby, the prototypical DSS is based on current
research results from both Information Systems re-
search and sustainability research, measuring a raw
material’s criticality quantitatively and making this
process applicable for companies.

As presented in the ADAPT raw material identifi-
cation within different products is implemented in
our software prototype. By this, a linkage between a
raw material’s criticality and product containing this
resource is possible and visualizable.

The logical data model together with the system
design builds the basis for the design of the prototyp-
ical implementation. This conceptual design helps
companies to implement a DSS for the evaluation of
its own products.

A deeper analysis of the assessment requires the
company’s knowledge about its products’ ingredients
on an elementary basis. Gathering this information
can be a challenge for a company, especially for
SMEs. The assessment results allow a more detailed
discussion of the decision. The method helps to find a
mutually acceptable solution and to evaluate possible
tradeoffs. This result improves the comprehensibility



and covers any inconsistencies in the decision-
making. In addition to the already mentioned infor-
mation sources, Supplier Self Assessments can be of
help closing this knowledge gap with relatively low
costs. First approaches have emerged in the automo-
bile industry, but their applicability for other indus-
tries, especially for SMEs, is yet to be shown. Known
value net approaches can help to couple large com-
pany databases dynamically.

The availability of criticality data on an annual
basis is a limitation of the application case. Due to
this update frequency, unexpected or short-term oc-
currences in politics or trade will not be covered by
the proposed DSS. The influence of short-term occur-
rences on strategic criticality assessments, which aim
for mid- and long-term evaluation of resource use is
notable. This problem is known to the authors and
was considered in the evaluation. The use of a more
dynamic DSS for companies is open for further re-
search, but it would require dynamic indicators and
additional data basis.

6. Conclusion

This article shows for the first time how a func-
tional criticality-based sustainability assessment can
be implemented on a product level into an Environ-
mental Management Information System (EMIS)
concept via a DSS. The used indicator set for the
multi-criteria decision aid (MCDA) was identified
from a rigor- and relevance-cycle.

The article displayed the necessary and evaluated
semantic data model for the user requirements which
will allow companies to implement criticality criteria.
This concept allows the extension of existing EMIS.
The proposed system design shows exemplarily how
enterprises can implement criticality-based sustaina-
bility analysis. A real case scenario for the prototypi-
cal DSS was successfully shown as evaluation meth-
od for the developed decision support model. The
implementation of these DSS is essential for the
problem class of resource efficiency in enterprises as
a key to sustainable procurement and product design.

For future research, we are aiming for a real-data
case study for an enterprise in order to continue the
results of this study and raise its evaluation level.
This can be achieved through Consortium Research
projects, as recommended in Information Systems.
Several tests concerning its practicability need to be
run in cooperation with different companies, as the
highest level of evaluation. Additionally, our soft-
ware prototype’s graphical user’s interface could be
adapted to present the necessary information more
efficiently. Hereby, possible weaknesses within the
implementation of our DSS will be identified.
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